INTRODUCTION

R
ivaroxaban is a direct oral anticoagulant that selectively and reversibly inhibits factor Xa in the common pathway, preventing thrombin activation and thus clot formation. 1 Direct oral anticoagulants are used for the prevention of thromboembolism in atrial fibrillation, the prevention of venous thromboembolism in certain populations, and the treatment of venous thromboembolism. 2, 3 Rivaroxaban has once-daily dosing, the dosage must be adjusted according to renal function, and the drug does not require regular monitoring. Rivaroxaban should not be used for patients receiving strong inhibitors or inducers of cytochrome P450 3A4 isozyme and/or P-glycoprotein, such as itraconazole, ritonavir, carbamazepine, rifampin, and St John's wort. 4 Common adverse effects associated with rivaroxaban are related to the bleeding risks (e.g., ecchymosis, gastrointestinal bleeding, intracranial hemorrhage). Less common adverse events include an increase in serum transaminases, cholestasis, thrombocytopenia, and StevensJohnson syndrome. 5 Very few cases of cutaneous reactions related to rivaroxaban have been reported. We describe a rivaroxaban-induced hypersensitivity syndrome manifested by a rash and hepatic cytolysis.
CASE REPORT
A woman in her early 30s, without relevant medical history and no reported allergies, presented to the emergency department with paresthesia and edema of the left upper limb.* A diagnosis of Paget-Schroetter syndrome associated with use of hormonal contraceptive was made.
Paget-Schroetter syndrome, also known as effort thrombosis, is deep vein thrombosis (DVT) of an upper extremity. 6 It is relatively uncommon, accounting for 20% to 30% of upperextremity DVT, with upper-extremity DVT accounting for only 4% to 10% of all cases of DVT. 6 Pathogenic factors for initiation or progression of Paget-Schroetter syndrome are usually anatomic venous abnormality and repetitive endothelial trauma secondary to vigorous and sustained movements of the upper extremity. 7 Although its pathogenesis is still poorly understood, it is hypothesized to differ from other forms of DVT, which are usually associated with blood stasis or thrombophilic disorders (or both). 7 In the case presented here, the patient had been taking an oral contraceptive (ethinyl estradiol 20 µg and levonorgestrel 100 µg) once daily for more than a year, which was stopped after the diagnosis of Paget-Schroetter syndrome. The patient was not taking any other prescribed medications, over-the-counter medications, or natural health products.
At the time of admission, all laboratory parameters were within normal ranges, including renal function (creatinine 61 µmol/L, glomerular filtration rate > 60 mL/min), liver enzymes (aspartate aminotransferase [AST] 17 U/L, alanine aminotransferase [ALT] not available, total bilirubin 7 µmol/L), and complete blood count (leukocytes 6.3 × 10 9 /L, eosinophils 0.1 × 10 9 /L, hemoglobin 133 g/L, platelets 193 × 10 9 /L). Catheter-directed thrombolytic therapy was not considered initially, and anticoagulation with a direct oral anticoagulant was initiated. Rivaroxaban 15 mg orally every 12 h for 3 weeks, to be followed by 20 mg orally once daily for 3 months, was planned. The patient started anticoagulation immediately and was discharged from the emergency department. However, 3 days later, she returned to the hospital because the edema of her left upper limb had progressed significantly. At that time, she was admitted to receive catheter-directed thrombolytic therapy.
Alteplase 1 mg/h IV was administered for a total of 48 h according to the hospital thrombolysis protocol. Infusion of unfractionated heparin (UFH) was initiated concurrently with *The patient provided verbal consent for publication of this case report. In addition, potentially identifying details not pertinent to understanding the case have been omitted.
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302 the alteplase. The UFH was adjusted as per hospital protocol, with a target partial thromboplastin time (PTT) 1.5 to 2 times the upper limit of control PTT. The UFH was administered for the entire hospital stay. After 5 days in hospital and completion of the catheter-directed thrombolytic therapy, the patient was discharged again. She was instructed to continue the rivaroxaban treatment as previously planned. Three days after this second discharge, the patient presented to the internal medicine outpatient clinic with a mild pruritic papular rash involving only the trunk area. The patient denied other constitutional symptoms such as fever, fatigue, arthralgia, or lymphadenopathy. She also denied having infectious contacts or recent travel. Apart from rivaroxaban, no other medication had been taken in the period between discharge from hospital and onset of the rash, which had appeared 1 day after the patient restarted rivaroxaban. The patient had tried to control the skin rash with 1 dose of diphenhydramine 50 mg, which did not alleviate the symptoms. Skin biopsy showed an acute spongiotic dermatitis with perivascular lymphocytes and eosinophilic infiltrates compatible with a drug reaction. Elevation of ALT and AST levels to 209 and 115 U/L, respectively, was noted. The patient also showed slight anemia (hemoglobin 119 g/L) and slight elevation of C-reactive protein (10.3 mg/L). All other laboratory values were within the normal range, including the absolute eosinophil count (0.4 × 10 9 /L). A drug-induced hypersensitivity syndrome (DIHS) due to rivaroxaban was primarily suspected, as no other differential diagnosis was deemed probable. The rivaroxaban was stopped, and the patient was discharged with a prescription of enoxaparin 70 mg (1 mg/kg) subcutaneously twice daily. No systemic or topical corticosteroids were used.
Six days later, at the follow-up appointment, the patient was feeling well, and the rash had completely resolved. The patient reported that the rash had disappeared within 48 h after discontinuation of rivaroxaban. AST and ALT levels had declined to 130 and 88 U/L, respectively. The anemia had also resolved (hemoglobin 132 g/L), and the level of C-reactive protein had decreased to 3.0 mg/L. All other laboratory parameters were still within normal range. No particular adverse effects were reported with the use of enoxaparin. Warfarin was initiated, and once the international normalized ratio reached 2, the enoxaparin was discontinued. Follow-up 1 month later showed that AST and ALT levels were within normal limits (≤ 40 U/L), as were the values for all other laboratory parameters.
DISCUSSION
Drug hypersensitivity reactions are known to be idiosyncratic and difficult to predict. Gell and Coombs first classified hypersensitivity reactions, according to a wide variety of clinical manifestations. 8 Essentially any organ or system can be involved. 7 Classification of hypersensitivity reactions is also diverse and comprises many specific syndromes with various degrees of severity. [9] [10] [11] In the case presented here, the rapid onset of the rash after a second exposure to rivaroxaban was compatible with a delayed hypersensitivity reaction, which is a T lymphocytemediated reaction. 9, 10 Given the clinical presentation of this case, the most plausible diagnosis was a mild DIHS due to rivaroxaban. A DIHS is similar to the drug rash with eosinophilia and systemic symptoms (DRESS) syndrome, except that eosinophilia is not present. The most common causes of DIHS/DRESS are allopurinol, sulfonamide antibiotics, and aromatic anticonvulsants. 12 Stevens-Johnson syndrome and toxic epidermal necrolysis are other examples of severe delayed hypersensitivity reactions. Although the patient described here recovered rapidly, it could be hypothesized that her rapid recognition of symptoms and the quick discontinuation of the causative drug prevented progression to a more severe form of DIHS and could also explain the absence of eosinophilia. Internal organ involvement is generally asymptomatic and may not necessarily be recognized. If the patient had pursued rivaroxaban treatment further, the rash might have expanded or worsened, and the hepatic cytolysis might have progressed to a more severe degree. However, elevation of ALT levels to more than 3 times the normal upper limit nonetheless bears witness to the severity of the reaction and indicates systemic involvement in addition to the cutaneous manifestation.
Cutaneous reactions to rivaroxaban, although possible, are relatively uncommon. According to the product monograph, 4 blisters (1.4%), pruritus (1.8%), and wound discharge (2.8%) have been reported in adult clinical trials. Stevens-Johnson syndrome has also been reported during postmarketing surveillance. 4 A postmarketing report by the US Food and Drug Administration raised concerns about the hepatic safety of direct oral anticoagulants, including rivaroxaban. 13 We conducted a systematic search using PubMed, Ovid MEDLINE, and Ovid Embase. All papers in French or English that reported a hypersensitivity reaction to rivaroxaban were included, whether or not there was a skin rash. Animal studies were excluded. Seven case reports were identified, [14] [15] [16] [17] [18] [19] [20] of which 4 presented similarities to the present case and were accessible to the authors. [17] [18] [19] [20] Vernon and others 17 reported a hypersensitivity reaction to rivaroxaban used to treat pulmonary embolism. The presentation in that case differed markedly, with the patient experiencing blisters and a "red, bumpy, itchy rash" all over his body after only 1 dose. Laboratory studies showed no abnormalities, including liver enzymes. Discontinuation of the drug did not alleviate the symptoms. 17 In another case report, 18 rivaroxaban at a dose of 10 mg daily was suspected to have caused a hypersensitivity reaction characterized by elevated leukocyte count, neutrophilia, and eosinophilia, without any other laboratory abnormalities. The rash was maculopapular in nature, but presented with a few pustules and within only 2 days after initiation of rivaroxaban. Discontinuation of rivaroxaban and supportive treatments led to patient improvement, 18 as occurred in the case presented here. Rivaroxaban has also been previously associated with probable cases of DRESS syndrome. 19, 20 In a case reported by Barrett and others, 19 the rash was similar to that of the current case, but the time to onset was about 6 weeks, and the rash was associated with other symptoms, such as fever, fatigue, and arthralgia, along with hepatic cytolysis. The patient in that case was treated with corticosteroids, which led to a marked decrease in liver enzymes. In the current case, no treatment was given, as discontinuation of rivaroxaban was sufficient to resolve the rash and normalize the results of liver enzyme testing. Similarly, Radu and others 20 described a case of DRESS syndrome induced by rivaroxaban at a dosage of 10 mg daily. Chills and persistent fever up to 40.5°C appeared after 10 days of rivaroxaban treatment, followed by generalized skin erythema with pruritus on day 15. Because the drug was not stopped until day 20, the patient progressively deteriorated and required admission to an intensive care unit. After stabilization, the patient required a long-term course of corticosteroids, an approach that is often recommended by experts for severe DIHS/DRESS, although supporting literature is lacking. 21 In addition to these previously reported cases, one report of rivaroxaban-induced serum sickness reaction has been published. 22 This type of reaction is classified as an immune complex-mediated hypersensitivity (Gell and Coombs type 3 reaction). 22 In the case reported here, a DIHS due to rivaroxaban seemed to be the only possible explanation for the patient's rash. The favourable outcome after discontinuation of the presumed offending agent is another element favouring the diagnosis of rivaroxaban-induced hypersensitivity syndrome. It seems unlikely that other medications could have caused this reaction, as rivaroxaban was the sole medication taken by the patient after discharge. Furthermore, only 2 other medications, alteplase and UFH, had been taken in the days before onset of the reaction, but neither of these was suspected as a possible causative agent. Alteplase is rapidly eliminated and is not associated with this kind of hypersensitivity reaction. Angioedema and anaphylactoid reactions are the only hypersensitivity reactions to alteplase that have been reported in literature, and they occur only during the drug infusion. [23] [24] [25] [26] Delayed hypersensitivity reactions have been described with subcutaneous UFH. Surprisingly, patients with delayed hypersensitivity reactions to subcutaneous heparins tolerate IV administration of UFH, 27 which was used in the case reported here. Considering the very short half-life of UFH and the fact that it was stopped more than 72 h before manifestation of the rash, the plasma concentration of UFH would have been undetectable by the time the rash appeared. Given the timing of the reaction, involvement of heparin or alteplase is unlikely.
With a score of 7 out of a possible 13 points on the Naranjo Adverse Drug Reaction Probability scale, causality between rivaroxaban and the clinical events observed was deemed probable. 28 In addition, the causative effect of rivaroxaban can be established with more certainty in this case than in similar cases reported previously, because the patient had not taken any other medications. Furthermore, the results of skin biopsy supported this diagnosis. Histopathological examination of the skin biopsy sample showed spongiotic dermatitis with perivascular lymphocytes and eosinophilic infiltrates, which are frequently present in cases of drug-induced skin eruption. 29 It is also important to note that following rivaroxaban cessation, there was continual improvement until complete resolution of the rash and hepatic cytolysis.
CONCLUSION
In this report, we have described a case of DIHS to rivaroxaban manifested by a mild pruritic papular rash and marked elevation of liver enzymes without eosinophilia. Clinicians should be aware of the possibility of DIHS with rivaroxaban, because early discontinuation of the offending drug is mandatory.
In the "Con" side of the recent Point Counterpoint debate about use of statins in patients 80 years of age and older, 1 one of the values for number needed to treat (NNT), based on data in a previously published article, 2 was incorrect. In paragraph 3 of the section "Benefits and Likelihood of 'Success' May Be Exaggerated, While Harms Are Underestimated", the NNT for secondary prevention of myocardial infarction with statins in older patients should be 38, not 83. The complete, corrected sentence reads as follows, with the corrected NNT shown in bold.
For secondary prevention with statins in older patients (mean age 69 years), the most optimistic assessment of the evidence Should Patients Continue to Receive Statins Once They Reach 80 Years of Age? The "Con" Side: Correction suggests an absolute risk reduction of 2.6% for myocardial infarction (NNT 38), 1.7% for stroke (NNT 58), and 3.8% for all-cause mortality (NNT 28) over 3.5 years. 
